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Abstract

Splicing factors are proteins that mediate the RNA splicing process, playing a significant role
in tumor metastasis by regulating molecular mechanisms and selective splicing patterns of
RNA. They are closely associated with the occurrence and development of hepatocellular
carcinoma, promoting tumor formation through various mechanisms such as cell proliferation,
apoptosis, migration, enhanced metastatic potential, treatment resistance, and immune evasion.
Splicing factors also play a crucial role in the diagnosis, treatment, and prognosis of
hepatocellular carcinoma. Despite considerable advancements in splicing factor research in
hepatocellular carcinoma, the precise mechanisms by which they are utilized remain unknown.
Further investigation is necessary to elucidate their precise contribution to the pathogenesis of

hepatocellular carcinoma.
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BACKGROUND INTRODUCTION

RNA splicing is the process of eliminating
introns from the precursor mRNA molecule
and joining exons together to create mature
mRNA. The process is facilitated by a central
spliceosome composed of five short nuclear
RNAs (including U1, U2, U4, US, and U6) and
several splicing-related proteins categorized as
splice factors (SFs) (1). The recognized SF
family includes two types: serine/arginine-rich
proteins (2) and classical hnRNP proteins (3).

The worldwide incidence of liver cancer in
2020 was 905,677 cases, resulting in 830,180
deaths. The predominant kind of liver cancer
was hepatocellular carcinoma (HCC) (4-5).
HCC has a significant occurrence and death
rate, an intricate development process, several
risk factors, and is distinguished by late
detection, limited chances for curative surgery,
and an unfavorable prognosis. The cumulative
survival percentage for patients over a period
of 5 years is around 21% (6).

There is mounting evidence linking alterations
in SFs expression to tumor development,
cancer metastasis, and treatment resistance.
Multiple malignancies have been shown to
have elevated SF2/ASF, which controls the
variable splicing of the tumor suppressor BIN1
isoform, therefore inhibiting the tumor
suppressor function of the BIN1 isoform (7). In
addition, (8) discovered that the upregulation
of SRp20 (SRSF3) enhances tumor formation
in nude mice and supports tumor progression.
Glioblastoma exhibits increased levels of
hnRNP A2/B1, which is associated with a
negative prognosis. Conversely, reduced
expression of hnRNP A2/B1 suppresses tumor
development in glioblastoma cells (9).

Although a comprehensive investigation of
spliceosome gene expression at the protein
level in cancer has not been documented,
several studies have shown the upregulation of
certain spliceosome genes. Previous research
has demonstrated increased expression of

spliccosome genes HSPA1A, SNRPE,
TRA2B, and PRPF19 in cancerous tissues at
the protein level(10-18). Reports suggest that
U1 small nuclear ribonucleoproteins (snRNP),
necessary for the creation of spliceosomes,
might hinder the movement and infiltration of
different kinds of cancer cells(19). SF3B4, an
essential constituent of the U2 pre-mRNA
spliceosome complex, has recently been
identified as a possible oncogene in HCC(20).

VARIABLE SPLICING IN TUMOR
METASTASIS

SF proteins often control the process of RNA
splicing by identifying certain genetic
elements inside alternative exons or
neighboring introns (3). RNA splicing
dysregulation 1is a prevalent molecular
characteristic seen in almost all forms of
malignancies. The occurrence of splicing
modifications in cancer is mostly attributed to
the frequent mutations and alterations in the
expression of trans-acting factors that govern
the process of splicing catalysis and regulation

@1).

MOLECULAR MECHANISM OF RNA
SPLICING

The process of producing mature mRNA by
removing intron sequences from precursor-
mRNA is an indispensable procedure that
regulates the expression of over 95% of human
genes. The process of precursor-mRNA
splicing is crucial to the diversity of proteins.
The process of splicing is predominantly
dependent on auxiliary proteins and snRNP.
Humans possess two distinct varieties of
introns: the uncommon U12 type intron and the
common U2 type intron, which account for
approximately 99 percent. Separate SFs (U2
spliceosome  and  Ul2  spliceosome,
respectively) eliminate these two varieties of
introns, which have distinct splicing consensus
sequences. Different base sequences, including
splice donor sites (5" end), branch sites (near
the 3’ end), and acceptor sites (3’ end of the



intron), influence the assembly of SFs with
precursor-mRNA. The branch site of the U2-
type spliceosome bonds with U2 snRNP,
whereas the supply site primarily binds with
Ul snRNP. Multiple SFs interact early in the
process of spliceosome formation and intron
recognition to produce Ul and U2 snRNP (22).

RNA VARIABLE SPLICING MODE

Research has indicated that the occurrence and
development of tumor cells involve diverse
forms of alternative splicing (AS). These
modes primarily consist of four types: exon
skipping, selective 5' splicing, selective 3’
splicing, and intron retention (Fig. 1). "Exon
skipping" represents the prevailing form of AS
observed in both invertebrates and vertebrates
(23).

SFS AND THE OCCURRENCE AND
DEVELOPMENT OF HCC

Cancer-associated aberrations in splicing
regulation may facilitate the development of
tumors via many pathways, resulting in
heightened cellular proliferation, reduced cell
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death, augmented migratory and metastatic
capabilities, resistance to chemotherapy, and
evasion of immunological detection (21). SFs,
which are crucial regulators of post-
transcriptional gene expression, significantly
contribute to the onset and progression of
cancer (24). As shown in Fig. 2. Somatic
mutations or  aberrant  activation of
transcription factors or signaling pathways can
result in mutations or alterations in the
expression of SFs in cancer. This, in turn, leads
to corresponding splicing events, generating
diverse protein subtypes associated with
cancer. These subtypes play a role in
regulating the proliferation, apoptosis,
invasion, and metabolism of cancer cells,
ultimately inducing the manifestation of
aggressive malignant characteristics. Aberrant
expression of SFs in cancer may upregulate the
expression of anti-apoptotic genes including
BCL2L1, CASP2, and FAS, as well as
promote the splicing of CD44, FGFR2, RACI,
and RMSTIR into cancer-promoting subtypes
that facilitate cancer cell invasion (25).
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Figure 1. Four common forms of RNA alternative splicing (23)

In terms of clinical relevance, HSPBI,
DDX39A, and NELFE are considered to be
three of the most significant SFs. HSPBI,
commonly referred to as Hsp27, is upregulated
in several cancer types (26). Prior research has
shown that Hsp27 is increased in HCC and
contributes to the invasiveness that promotes
the malignancy of HCC (27-29). Similarly, the
expression of DDX39A is increased in HCC,
and it enhances the development and spread of
HCC (30-31).

The expression of SF3B1 is elevated and is
correlated with the invasiveness of tumors as
well as the expression of oncogenic splicing
variants (KLF6-SV1, BCL-XL) (32). The
RNA-binding protein SF3B4 regulates the
enabled homolog, which intensifies the
proliferation, invasion, and migration of liver
cancer cells in HCC via the Notch signaling
pathway  (33). The  small
ribonucleoprotein polypeptide A (SNRPA) is
linked to MVI in HCC. SNRPA is highly
expressed in MVI-HCC and is associated with

nuclear

SNRPA
enhances the epithelial-mesenchymal
transition (EMT) process in HCC cells by
activating the NOTCH1/Snail pathway in both
laboratory and living organism settings, hence
hastening metastasis (34).

unfavourable  patient  survival.

MicroRNAs participate in the control of gene
expression after the process of transcription.
They specifically attach to the 3' untranslated
region (3'-UTR) of their target mRNAs in
order to inhibit their expression (35). Mice
with a deficiency of SRSF3 in liver cells are
more likely to develop HCC. Research has
shown that SRSF3 has a significant role in the
prevention of HCC by controlling the process
of splicing to hinder fibrosis, mitotic splicing,
and EMT (36).

In HCC in humans, the levels of SFs, such as
the tumor suppressor SRSF3, and the
regulation of AS in the genes examined, are
often increased in tumor tissues compared to
non-tumor tissues (37). Inhibiting the
migration and proliferation of HCC cells is
possible by downregulating the expression of
SMNDCI1, which is overexpressed in tumor
cells (38). As an important SF, SRSF9 controls
cell migration and proliferation, which in turn
influences the Wnt and cell cycle pathways,
and thus impacts the cancerous development of
HCC (39). A poor prognosis is associated with
increased SRSF9 expression because it is
significantly

connected with the malignant
pathophysiological features of HCC (40).
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Figure 2. The role of SFs in cancer (25)

For the first time, the work shows that HCC
tissues and cell lines upregulate RECQLA4, and
loss of RECQL4 function maintains HCC cell
proliferation, migration, invasion, and EMT.
Another study found a favorable connection
between RECQL4 and SRSF1 in HCC tissue
samples. SRSFI is an RNA-

binding protein that stabilizes and promotes
RECQL4 mRNA translation. Further tests on
SRSF1 loss of function reveal that SRSF1
overexpression counteracts the inhibitory
impact of RECQL4 silencing on HCC cell
proliferation, migration, and invasion via
binding to RECQL4 mRNA, altering HCC
progression (41).

Raf-MEK-ERK pathway activation and cell
transformation result from the downregulation
of the dominant-negative isoform of A-Raf
caused by the overexpression of hnRNP A2 in
HCC (42). The study has elucidated the
mechanism that generates mitotic insulin
receptor isoform A (IR-A) and has found a
novel link between the IR and EGFR pathways
in HCC. The upregulation of IR-A during the
progression of liver cell carcinogenesis might
contribute to the negative consequences of
high insulin levels on HCC (43).

Copy number variations of somatic mutations
are often seen in HCC and may serve as a
characteristic trait of liver cancer progression.
Variations in SF copy numbers are frequent in
HCC and could be a typical characteristic of
the development of liver cancer. Copy number



variations and methylation have a major
impact on the intricate expression control of
SFs. Significant mutation patterns are shown
by several SFs (44). PRPF6 overexpression
boosts liver cancer and estrogen receptor
signaling. In HCC, PRPF6, an SF, enhances
AR autotranscription and activates the
oncogenic ~ AR/AR-Vs  activity  (45).
Alternative forms or variations of SFs may
result in an aberrant arrangement of AS events,
which in turn impacts the synthesis of proteins
downstream (25). SFs, being significant
regulators of AS events, are vital in
determining the development and progression
of HCC. Mutations in SF genes are generally
mutually exclusive (24).

SFS AND HCC DIAGNOSIS,
TREATMENT, AND PROGNOSIS

BANF1, PLOD3, and SF3B4 molecular
markers reveal early HCC in precancerous
lesions and suggest liver cancer drivers (46).
SF3B4, an SF derived from extracellular
vesicles, serves as a non-invasive diagnostic
biomarker for early HCC (47). The Ras
signaling pathway promotes mouse HCC via
the SRSF3-regulated coiled-coil domain with
50 splicing variants. Research indicates that
the HBx/SRSF3/14-3-3 complex controls
CCDCS50S overexpression and accelerates
HCC development via the Ras/Foxo4 signaling
pathway. These findings imply that CCDC50S
may be a viable HCC therapeutic target and a
diagnostic and prognostic biomarker (48).
SRSF1 is essential for HCC growth and
development. Therefore, targeting SRSF1 may
be a potential treatment. ERK may increase
cell proliferation, survival, and IL-6
production to cause HCC. SF2 deletion
somewhat increases TNF-a-induced cell death
and partly suppresses IL-6 production since it
stimulates ERK activation in these cells.
Current evidence suggests SF2 may treat HCC
(49).

The developed prognostic model identifies
DNAJC6 and IGF2BP3 as risk factors, and
ZC3H13 and DDX19B as protective factors.
Previous research has shown a significant
increase in the expression of DNAJC6 in HCC.
This increase is strongly linked to the
advancement of tumors and a negative
prognosis for patients with HCC (50). This
could be because DNAJC6 encourages the
activation of the TGF-3 pathway, which in turn
leads to EMT and boosts the proliferation and
invasion of HCC cells (51).

HCC prognosis depends on certain SFs. HCC
tissues upregulate cancer-embryonic SF
MBNL3, which promotes IncRNA-PXN-ASI
exon 4 inclusion. The transcript of IncRNA-
PXN-ASI, including exon 4, may boost PXN
mRNA expression by binding to its 3' UTR and
shielding it from miR-24 degradation,
enhancing HCC carcinogenesis and suggesting
a poor prognosis (52). SF3B1 is a constituent
of the central splicing complex and is
upregulated in HCC. Increased expression of
SF3B1 modifies the way KLF6 is spliced, and
this alteration is strongly linked to a negative
prognosis in individuals with HCC (32). The
significance of SFs' aberrant overall
expression in HCC, their prognostic relevance,
and the biological activities they relate to
cannot be overstated.

INSR, a target gene, shows a favorable
correlation with tumor recurrence risk in
human HCC when expressed as an AS
subtype. Higher SF expression levels are
associated with longer overall survival times
(37). SRSF2 has significant levels of
expression in HCC, and its expression levels
correlate positively with tumor differentiation
and TNM staging. It is linked to the spread of
cancer cells to lymph nodes and other parts of
the body, and is directly tied to the levels of
alpha-fetoprotein in the blood. Additionally, it
has an impact on the length of life after surgery
in patients with HCC (53).



EXISTING
CHALLENGES

PROBLEMS AND

Despite advancements in the investigation of
SFs in HCC, certain obstacles and inquiries
remain unresolved. To begin with, the exact
mechanisms by which SFs function in HCC are
not yet fully comprehended. Concerning the
relationship between particular SFs and the
development and occurrence of HCC, there is
a dearth of comprehensive research.
Additional investigation 1is required to
elucidate the precise functions of SFs in the
progression of liver cancer.

Secondly, the diversity and complexity of SFs
pose challenges for research. With numerous
types of SFs and intricate regulatory
interactions, investigating their functions and
mechanisms becomes a significant
undertaking. Systematically analyzing the
roles of different SFs in HCC remains a critical
topic in current research.

Additionally, addressing individual variability
among HCC patients presents another hurdle.
The mechanisms underlying HCC occurrence
and progression may differ significantly
between patients. Considering that SFs play a
crucial regulatory role, their expression
patterns and regulatory modes may vary
substantially among patients, emphasizing the
need for personalized treatment approaches.

In summary, while progress has been made in
understanding SFs in HCC, several challenges
persist. Future research should delve deeper
into the mechanisms of SFs, address their
diversity and complexity, and consider
individual differences among liver cancer
patients to advance this field.

REFERENCES

Wang, E. T. Sandberg, R., Luo, S,
Khrebtukova, 1., Zhang, L., Mayr, C.,
Kingsmore, S. F., Schroth, G. P., &
Burge, C. B. (2008). Alternative isoform

regulation in human tissue transcriptomes
[Journal Article; Research Support,
N.ILH., Extramural; Research Support,
Non-U.S. Gov't]. Nature, 456(7221),
470-476.
http://doi.org/10.1038/nature07509

Long, J. C., & Caceres, J. F. (2009). The SR
protein family of splicing factors: master
regulators of gene expression [Journal
Article; Research Support, Non-U.S.
Gov't; Review]. Biochemical Journal,
417(1), 15-27.
http://doi.org/10.1042/BJ20081501

Martinez-Contreras, R., Cloutier, P., Shkreta,
L., Fisette, J. F., Revil, T., & Chabot, B.
(2007). hnRNP proteins and splicing
control [Journal Article; Research
Support, Non-U.S. Gov't; Review].
Advances in Experimental Medicine and
Biology, 623, 123-147.
http://doi.org/10.1007/978-0-387-77374-
28

Sung, H., Ferlay, J., Siegel, R. L., Laversanne,
M., Soerjomataram, 1., Jemal, A., & Bray,
F. (2021). Global Cancer Statistics 2020:
GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in
185 Countries [Journal Article]. Ca
Cancer J Clin, 71(3), 209-249.
http://doi.org/10.3322/caac.21660

Tella, S. H., Kommalapati, A., Mahipal, A., &
Jin, Z. (2022). First-Line Targeted
Therapy for Hepatocellular Carcinoma:
Role of Atezolizumab/Bevacizumab
Combination [Journal Article; Review].

Biomedicines, 10(6)
http://doi.org/10.3390/biomedicines1006
1304

Siegel, R. L., Miller, K. D., Wagle, N. S., &
Jemal, A. (2023). Cancer statistics, 2023
[Journal Article]. Ca Cancer J Clin,



73(1), 17-48.
http://doi.org/10.3322/caac.21763

Karni, R., de Stanchina, E., Lowe, S. W.,

Sinha, R., Mu, D., & Krainer, A. R.
(2007). The gene encoding the splicing
factor SF2/ASF is a proto-oncogene
[Journal Article; Research Support,
N.LLH., Extramural]. Nature Structural &
Molecular Biology, 14(3), 185-193.
http://doi.org/10.1038/nsmb1209

Jia, R., Li, C., McCoy, J. P., Deng, C. X., &

Zheng, Z. M. (2010). SRp20 is a proto-
oncogene critical for cell proliferation and
tumor induction and maintenance
[Journal Article; Research Support,
N.LI.H., Intramural]. International Journal
of Biological Sciences, 6(7), 806-826.
http://doi.org/10.7150/ijbs.6.806

Golan-Gerstl, R., Cohen, M., Shilo, A., Suh, S.

S., Bakacs, A., Coppola, L., & Karni, R.
(2011). Splicing factor hnRNP A2/B1
regulates tumor suppressor gene splicing
and is an oncogenic driver in
glioblastoma [Journal Article; Research
Support, Non-U.S. Gov't]. Cancer
Research, 71(13), 4464-4472.
http://doi.org/10.1158/0008-5472.CAN-
10-4410

Anchi, T., Tamura, K., Furihata, M., Satake,

H., Sakoda, H., Kawada, C., Kamei, M.,
Shimamoto, T., Fukuhara, H., Fukata, S.,
Ashida, S., Karashima, T., Yamasaki, I.,
Yasuda, M., Kamada, M., Inoue, K., &
Shuin, T. (2012). SNRPE is involved in
cell proliferation and progression of high-
grade prostate  cancer through the
regulation of androgen  receptor
expression [Journal Article]. Oncology
Letters, 3(2), 264-268.
http://doi.org/10.3892/01.2011.505

Barash, Y., Calarco, J. A., Gao, W., Pan, Q.,

Wang, X., Shai, O., Blencowe, B. J., &

Frey, B. J. (2010). Deciphering the
splicing code [Journal Article; Research
Support, Non-U.S. Gov't]. Nature,
465(7294), 53-59.
http://doi.org/10.1038/nature09000

Dehm, S. M. (2013). Test-firing ammunition

for spliceosome inhibition in cancer
[Comment; Journal Article]. Clinical
Cancer Research, 19(22), 6064-6066.
http://doi.org/10.1158/1078-0432.CCR-
13-2461

Guo, F., Rocha, K., Bali, P., Pranpat, M.,

Fiskus, W., Boyapalle, S.,
Kumaraswamy, S., Balasis, M., Greedy,
B., Armitage, E. S., Lawrence, N., &
Bhalla, K. (2005). Abrogation of heat
shock protein 70 induction as a strategy to
increase antileukemia activity of heat
shock protein 90 inhibitor 17-allylamino-
demethoxy geldanamycin  [Journal
Article]. Cancer Research, 65(22),
10536-10544.
http://doi.org/10.1158/0008-5472.CAN-
05-1799

Kaida, D., Motoyoshi, H., Tashiro, E., Nojima,

T., Hagiwara, M., Ishigami, K.,
Watanabe, H., Kitahara, T., Yoshida, T.,
Nakajima, H., Tani, T., Horinouchi, S., &
Yoshida, M. (2007). Spliceostatin A
targets SF3b and inhibits both splicing
and nuclear retention of pre-mRNA
[Journal Article; Research Support, Non-
U.S. Gov't]. Nature Chemical Biology,
3(9), 576-583.
http://doi.org/10.1038/nchembio.2007.18

Leu, J. L., Pimkina, J., Pandey, P., Murphy, M.

E., & George, D. L. (2011). HSP70
inhibition by the small-molecule 2-
phenylethynesulfonamide impairs protein
clearance pathways in tumor cells
[Journal Article; Research Support,
N.LLH., Extramural; Research Support,
Non-U.S. Gov't]. Molecular Cancer



Research, 9(7), 936-947.
http://doi.org/10.1158/1541-7786.MCR-
11-0019

Matera, A. G., & Wang, Z. (2014). A day in

the life of the spliceosome [Journal
Article; Research  Support, N.LH.,
Extramural; Review]. Nat Rev Mol Cell
Biol, 15(2), 108-121.
http://doi.org/10.1038/nrm3742

Quidville, V., Alsafadi, S., Goubar, A.,

Commo, F., Scott, V., Pioche-Durieu, C.,
Girault, I., Baconnais, S., Le Cam, E.,
Lazar, V., Delaloge, S., Saghatchian, M.,
Pautier, P., Morice, P., Dessen, P.,
Vagner, S., & Andre, F. (2013). Targeting
the deregulated spliceosome core
machinery in cancer cells triggers mTOR
blockade and autophagy [Journal Article;
Research Support, Non-U.S. Gov't].
Cancer Research, 73(7), 2247-2258.
http://doi.org/10.1158/0008-5472.CAN-
12-2501

Xu, W., Huang, H., Yu, L., & Cao, L. (2015).

Meta-analysis of gene expression profiles
indicates genes in spliceosome pathway
are up-regulated in hepatocellular
carcinoma (HCC) [Journal Article; Meta-
Analysis; Research Support, Non-U.S.
Gov't]. Medical Oncology, 32(4), 96.
http://doi.org/10.1007/s12032-014-0425-
6

Oh, J. M., Venters, C. C., Di C, Pinto, A. M.,

Wan, L., Younis, ., Cai, Z., Arai, C., So,
B. R., Duan, J., & Dreyfuss, G. (2020).
U1 snRNP regulates cancer cell migration
and invasion in vitro [Journal Article;
Research Support, N.I.LH., Extramural].
Nature  Communications, 11(1), 1.
http://doi.org/10.1038/s41467-019-
13993-7

Lee, J., Seo, G., Hur, W., Yoon, S. K., Nam, S.

W., & Lee, J. H. (2020). SRSF3 Depletion

Leads to an Increase in SF3B4 Expression
in SNU-368 HCC Cells [Journal Article].
Anticancer Research, 40(4), 2033-2042.
http://doi.org/10.21873/anticanres. 14160

Bradley, R. K., & Anczukow, O. (2023). RNA

splicing dysregulation and the hallmarks
of cancer [Journal Article; Research
Support, N.LLH., Extramural; Research
Support, Non-U.S. Gov't; Review].
Nature Reviews Cancer, 23(3), 135-155.
http://doi.org/10.1038/s41568-022-
00541-7

Wahl, M. C., Will, C. L., & Luhrmann, R.

(2009). The  spliceosome: design
principles of a dynamic RNP machine
[Journal Article; Research Support, Non-
U.S. Gov't; Review]. Cell, 136(4), 701-
718.

http://doi.org/10.1016/j.cell.2009.02.009

Kim, E., Goren, A., & Ast, G. (2008).

Alternative splicing: current perspectives
[Journal Article; Research Support, Non-
U.S. Gov't; Review]. Bioessays, 30(1),
38-47. http://doi.org/10.1002/bies.20692

Pellagatti, A., & Boultwood, J. (2017).

Splicing factor gene mutations in the
myelodysplastic syndromes: impact on
disease phenotype and therapeutic
applications [Journal Article; Review].
Adv  Biol  Regul, 63, 59-70.
http://doi.org/10.1016/j.jbior.2016.08.00
1

Anczukow, O., & Krainer, A. R. (2016).

Splicing-factor alterations in cancers
[Journal Article; Research Support,
N.LLH., Extramural; Review]. Rna, 22(9),
1285-1301.
http://doi.org/10.1261/rma.057919.116

Huang, Z. C., Li, H., Sun, Z. Q., Zheng, J.,

Zhao, R. K., Chen, J., Sun, S. G., & Wu,
C. J. (2018). Distinct prognostic roles of



HSPBI1 expression in non-small cell lung
cancer [Journal Article]. Neoplasma,
65(1), 161-166.
http://doi.org/10.4149/neo 2018 102

Cheng, J., Lv, Z., Weng, X., Ye, S., Shen, K.,

Li, M., Qin, Y., Hu, C., Zhang, C., Wu, J.,
& Zheng, S. (2015). Hsp27 Acts as a
Master Molecular Chaperone and Plays
an Essential Role in  Hepatocellular
Carcinoma Progression [Journal Article;
Research Support, Non-U.S. Gov't].
Digestion, 92(4), 192-202.
http://doi.org/10.1159/000431254

Luk, J. M., Lam, C. T, Siu, A. F., Lam, B. Y.,

Ng, I. O., Hu, M. Y., Che, C. M., & Fan,
S. T. (2006). Proteomic profiling of
hepatocellular carcinoma in Chinese
cohort reveals heat-shock proteins
(Hsp27, Hsp70, GRP78) up-regulation
and their associated prognostic values
[Comparative Study; Journal Article;
Research Support, Non-U.S. Gov't].
Proteomics, 6(3), 1049-1057.
http://doi.org/10.1002/pmic.200500306

Zhang, Y., Tao, X., Jin, G., Jin, H., Wang, N.,

Hu, F., Luo, Q., Shu, H., Zhao, F., Yao,
M., Fang, J., Cong, W., Qin, W., & Wang,
C. (2016). A Targetable Molecular
Chaperone Hsp27 Confers
Aggressiveness in Hepatocellular
Carcinoma [Journal Article; Research
Support, Non-U.S. Gov't]. Theranostics,
6(4), 558-570.
http://doi.org/10.7150/thno.14693

Naboulsi, W., Megger, D. A., Bracht, T., Kohl,

M., Turewicz, M., Eisenacher, M., Voss,
D. M., Schlaak, J. F., Hoffmann, A. C.,
Weber, F., Baba, H. A., Meyer, H. E., &
Sitek, B. (2016). Quantitative Tissue
Proteomics Analysis Reveals Versican as
Potential Biomarker for Early-Stage
Hepatocellular ~ Carcinoma  [Journal
Article; Research Support, Non-U.S.

Gov't]. Journal of Proteome Research,
15(1), 38-47.
http://doi.org/10.1021/acs.jproteome.5b0
0420

Zhang, T., Ma, Z., Liu, L., Sun, J., Tang, H.,

Zhang, B., Zou, Y., & Li, H. (2018).
DDX39 promotes hepatocellular
carcinoma growth and metastasis through
activating ~ Wnt/beta-catenin pathway
[Journal Article; Research Support, Non-
U.S. Gov't]. Cell Death & Disease, 9(6),
675. http://doi.org/10.1038/s41419-018-
0591-0

Lopez-Canovas, J. L., Del, R. M., Garcia-

Fernandez, H., Jimenez-Vacas, J. M.,
Moreno-Montilla, M. T., Sanchez-Frias,
M. E., Amado, V. L-Lopez, F.,
Fondevila, M. F., Ciria, R., Gomez-
Luque, 1., Briceno, J., Nogueiras, R., de la
Mata, M., Castano, J. P., Rodriguez-
Peralvarez, M., Luque, R. M., & Gahete,
M. D. (2021). Splicing factor SF3BI is
overexpressed and implicated in the
aggressiveness  and survival  of
hepatocellular  carcinoma [Journal
Article; Research Support, Non-U.S.
Gov't]. Cancer Letters, 496, 72-83.
http://doi.org/10.1016/j.canlet.2020.10.0
10

Deng, G., Luo, Y., Zhang, Y., Zhang, J., & He,

Z. (2022). Enabled homolog (ENAH)
regulated by RNA binding protein
splicing factor 3b subunit 4 (SF3B4)
exacerbates the proliferation, invasion
and migration of hepatocellular
carcinoma cells via Notch signaling
pathway [Journal Article; Video-Audio
Media]. Bioengineered, 13(2), 2194-
2206.

http://doi.org/10.1080/21655979.2021.20
23983

Mo, Z., Li, R., Cao, C., Li, Y., Zheng, S., Wu,

R., Xue, J., Hu, J., Meng, H., Zhai, H.,



Huang, W., Zheng, F., & Zhou, B. (2023).
Splicing factor SNRPA associated with
microvascular invasion promotes
hepatocellular  carcinoma  metastasis
through  activating ~ NOTCH1/Snail
pathway and is mediated by
circSEC62/miR-625-5p axis [Journal
Article].  Environmental  Toxicology,
38(5), 1022-1037.
http://doi.org/10.1002/tox.23745

Yao, Z., Liu, N., Lin, H., & Zhou, Y. (2023).

The Role of miR-1183: A Potential
Suppressor in Hepatocellular Carcinoma
via Regulating Splicing Factor SRSF1
[Journal  Article]. J  Hepatocell
Carcinoma, 10, 1169-1180.
http://doi.org/10.2147/JHC.S408542

Sen, S., Langiewicz, M., Jumaa, H., &

Webster, N. J. (2015). Deletion of
serine/arginine-rich splicing factor 3 in
hepatocytes predisposes to hepatocellular
carcinoma in mice [Journal Article;
Research Support, N.ILH., Extramural,
Research Support, U.S. Gov't, Non-
P.H.S.]. Hepatology, 61(1), 171-183.
http://doi.org/10.1002/hep.27380

Wang, H., Lekbaby, B., Fares, N., Augustin, J.,

Attout, T., Schnuriger, A., Cassard, A.
M., Panasyuk, G., Perlemuter, G., Bieche,
I., Vacher, S., Selves, J., Peron, J. M.,
Bancel, B., Merle, P., Kremsdorf, D.,
Hall, J., Chemin, I., & Soussan, P. (2019).
Alteration of splicing factors' expression
during liver disease progression: impact
on hepatocellular carcinoma outcome
[Journal Article; Multicenter Study].
Hepatology International, 13(4), 454-
467. http://doi.org/10.1007/s12072-019-
09950-7

Zhu, R., Wang, X., Yu, Q., Guo, W., & Zhu, L.

(2023). A systems biology-based
approach to screen key splicing factors in
hepatocellular carcinoma [Journal

Article]. Mol Carcinog, 62(8), 1107-
1118. http://doi.org/10.1002/mc.23549

Zhang, G., Liu, B., Shang, H., Wu, G., Wu, D.,

Wang, L., Li, S., Wang, Z., Wang, S., &
Yuan, J. (2022). High expression of serine
and arginine-rich splicing factor 9
(SRSF9) s associated  with
hepatocellular carcinoma progression and
a poor prognosis [Journal Article]. Bmc
Medical  Genomics, 15(1), 180.
http://doi.org/10.1186/s12920-022-
01316-7

Zhao, J., Mao, J., & Li, W. (2019). Association

of Tumor Grade With Long-Term
Survival in Patients With Hepatocellular
Carcinoma After Liver Transplantation
[Journal Article]. Transplant Proc, 51(3),
813-819.

http://doi.org/10.1016/j.transproceed.201
8.12.033

Ye,Y.,Yu,F.,Li, Z, Xie, Y., & Yu, X. (2021).

RNA binding protein serine/arginine
splicing factor 1 promotes the
proliferation, migration and invasion of
hepatocellular carcinoma by interacting
with RecQ protein-like 4 mRNA [Journal
Article]. Bioengineered, 12(1), 6144-
6154.

http://doi.org/10.1080/21655979.2021.19
72785

Shilo, A., Ben, H. V., Denichenko, P., Stein, I.,

Pikarsky, E., Rauch, J., Kolch, W,
Zender, L., & Karni, R. (2014). Splicing
factor hnRNP A2 activates the Ras-
MAPK-ERK pathway by controlling A-
Raf splicing in hepatocellular carcinoma
development [Journal Article; Research
Support, Non-U.S. Gov't]. Rna, 20(4),
505-515.
http://doi.org/10.1261/rna.042259.113

Chettouh, H., Fartoux, L., Aoudjehane, L.,

Wendum, D., Claperon, A., Chretien, Y.,



Rey, C., Scatton, O., Soubrane, O., Conti,
F., Praz, F., Housset, C., Rosmorduc, O.,
&  Desbois-Mouthon, C. (2013).
Mitogenic  insulin  receptor-A  is
overexpressed in human hepatocellular
carcinoma  due to EGFR-mediated
dysregulation of RNA splicing factors
[Journal Article; Research Support, Non-
U.S. Gov't]. Cancer Research, 73(13),
3974-3986. http://doi.org/10.1158/0008-
5472.CAN-12-3824

Zhao, Y. J., Wu, L. Y., Pang, J. S., Liao, W.,

Chen, Y. J.,, He, Y., & Yang, H. (2021).
Integrated multi-omics analysis of the
clinical relevance  and  potential
regulatory mechanisms of splicing factors
in hepatocellular carcinoma [Journal
Article; Research Support, Non-U.S.
Gov't]. Bioengineered, 12(1), 3978-3992.
http://do1.org/10.1080/21655979.2021.19
48949

Song, H., Sun, N., Lin, L., Wei, S., Zeng, K.,

Liu, W., Wang, C., Zhong, X., Wang, M.,
Wang, S., Zhou, B., Lv, C., Liu, W., &
Zhao, Y. (2020). Splicing factor PRPF6
upregulates oncogenic androgen receptor
signaling pathway in hepatocellular
carcinoma [Journal Article]. Cancer
Science, 111(10), 3665-3678.
http://doi.org/10.1111/cas.14595

Shen, Q., Eun, J. W., Lee, K., Kim, H. S.,

Yang, H. D.,Kim, S. Y., Lee, E. K., Kim,
T., Kang, K., Kim, S., Min, D. H., Oh, S.
N., Lee, Y. J., Moon, H., Ro, S. W., Park,
W. S., Lee, J. Y., & Nam, S. W. (2018).
Barrier to autointegration factor 1,
procollagen-lysine, 2-oxoglutarate  5-
dioxygenase 3, and splicing factor 3b
subunit 4 as early-stage cancer decision
markers and drivers of hepatocellular
carcinoma [Journal Article; Research
Support, Non-U.S. Gov't]. Hepatology,

67(4), 1360-1377.
http://doi.org/10.1002/hep.29606

Son, J. A., Weon, J. H., Baek, G. O., Ahn, H.

R., Choi, J. Y., Yoon, M. G., Cho, H. J.,
Cheong, J. Y., Eun, J. W., & Kim, S. S.
(2023). Circulating small extracellular
vesicle-derived splicing factor 3b subunit
4 as a non-invasive diagnostic biomarker
of early hepatocellular carcinoma
[Journal Article]. J Exp Clin Cancer Res,
42(1), 288.
http://doi.org/10.1186/s13046-023-
02867-y

Wang, H., Zhang, C. Z., Lu, S. X., Zhang, M.

F.,Lu, L. L., Luo, R. Z., Yang, X., Wang,
C. H., Chen, S. L., He, Y. F., Xie, D., Xu,
R. H., & Yun, J. P. (2019). A Coiled-Coil
Domain Containing 50 Splice Variant Is
Modulated by Serine/Arginine-Rich
Splicing Factor 3 and Promotes
Hepatocellular Carcinoma in Mice by the
Ras Signaling Pathway [Journal Article;
Research Support, Non-U.S. Gov't].
Hepatology, 69(1), 179-195.
http://doi.org/10.1002/hep.30147

Zhao, Y., Zhu, T., Zhang, X., Wang, Q.,

Zhang, J., Ji, W., & Ma, Y. (2015).
Splicing factor 2/alternative splicing
factor contributes to extracellular
signal-regulated kinase activation in
hepatocellular carcinoma cells [Journal
Article]. Molecular Medicine Reports,
12(3), 3890-3894.
http://doi.org/10.3892/mmr.2015.3851

Wang, Y., Yang, F., Shang, J., He, H., & Yang,

Q. (2021). Integrative analysis reveals the
prognostic value and functions of splicing
factors implicated in hepatocellular
carcinoma [Journal Article; Research
Support, Non-U.S. Gov't]. Sci Rep, 11(1),
15175.  http://doi.org/10.1038/s41598-
021-94701-8



Yang, T., Li, X. N, Li, X. G., Li, M., & Gao,
P. Z. (2014). DNAJC6 promotes
hepatocellular carcinoma progression
through induction of epithelial-
mesenchymal transition [Journal Article;
Research Support, Non-U.S. Gov't].
Biochem Biophys Res Commun, 455(3-4),
298-304.
http://doi.org/10.1016/j.bbrc.2014.11.01
1

Yuan, J. H., Liu, X. N., Wang, T. T., Pan, W.,
Tao, Q. F., Zhou, W. P., Wang, F., & Sun,
S. H. (2017). The MBNL3 splicing factor
promotes hepatocellular carcinoma by
increasing PXN expression through the
alternative splicing of IncRNA-PXN-ASI
[Journal Article]. Nature Cell Biology,
19(7), 820-832.
http://doi.org/10.1038/ncb3538

Wang, P., Guo, L., Li, K., Ning, S., Shi, W.,
Liu, Z., & Chen, Y. (2018).
Serine/arginine rich splicing factor 2
expression and clinic pathological
features indicating a prognostic factor in
human hepatocellular carcinoma patients
[Journal Article]. Cancer Biomarkers,
21(3), 681-687.
http://doi.org/10.3233/CBM-170770



